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I - INTRODUCTION 
In the course of studies on the variability of African natural rubber, a series of analyses were 
conducted using the Rubber process Analyser (RPA 2000) manufactured by the firm Alpha 
Technologies. This oscillating cavity rheometer is already widely used in the rubber industry by 
numerous synthetic producers of synthetic elastomers as well as manufacturers to better 
understand and predict the behaviour of master batches or raw rubber during the mixing process 
as well as during the final processing. In the course of this project, we were unable to have our 36 
project samples prepared, tested by a manufacturer. It was therefore thought necessary that 
their rheological behaviour could be analysed using an apparatus that was already widely used in the 
rubber industry. 
It was then decided, with the approval of the Alpha Technologies firm, then certain tests 
could be conducted in order to: 
1/ evaluate the practical advantages and disadvantages of the RPA 2000 measurement 
apparatus, as well as its associated software. To this effect, Eugene EHABE and Serge PALU went 
to Brussels, in the premises of the Alpha Technologies firm, to get some training on the use of the 
apparatus, and to test it, 
2/ analyse the entirety of the project samples. 
As a follow-up, we shall in this report: 
~ Briefly describe the principle underlying the functioning of the RPA 2000, the theoretical 
notions having been treated in the previous report [l]; 
);>- Present a glimpse of the advantages and disadvantages of the RPA 2000 as an instrument 
for characterizing natural rubber at the production factories; 
~ Present the entirety of the results obtained for the 36 project samples, following analysis 
using the RPA 2000, notably: 
• an evaluation of the repeatability of measurements obtained with the RPA 2000, 
• the contribution of the RPA 2000 to discriminate the four African factories 
tested, 
• relationships obtained between indicators of the RPA 2000 and the classical 
technological criteria, 
• relationships obtained between indicators of the RPA 2000 and some new 
physico-chemical criteria. 
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II - SYSTEM AND MEASURING PRINCIPLE OF THE RPA 2000 
II. 1 - System of measurement 
The RPA 2000 is a dynamic rheological-mechanical measurement test apparatus. It is specially 
conceived to test viscoelastic materials over a large range of temperatures, deformations and 
frequencies. The RPA 2000 is composed of a test instrument, a computer and software that control 
the instrument. 
The RPA 2000 uses a system of rotorless biconical matrix containing two conical dies 
(Figure 1). Two airtight plates and the washers form a hermetic test cavity. The two dies separate 
to enable loading of the test portion. 
It is recommended to use a sample of volume in the order of 4 to 6 cm3 (4 to 6 g) to fill the 
cavity. 
The frequency and deformation of the test piece could be varied over a considerably large 
range of values using a numerically controlled motor. 
The lower die oscillates with respect to the programmed strain amplitudes and frequencies at 
controlled temperatures. A torque sensor installed in the upper die measures the torque imposed 
by the lower die on the test portion. 
A lightweight-heating element equipped with a numerical temperature regulator heats the 
dies, with a degree of precision as close as possible (0.1°C). temperature rise is normally very rapid. 
An air-cooling system rapidly cools the temperature of the test piece. It is even impossible to 
commence a test when the computer has not verified and confirmed that the system has attained 
the preset temperature and that the temperature is stable. 
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figure 1 : Schematic representation of the measurement cavity of the RPA 2000 
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II. 2 - Principle of the measurement 
The RPA 2000 subjects on the sample a shear strain. A direct drive motor drive imposes on the 
lower die a sinusoidal movement on a range of strains and frequencies. The upper die is linked to a 
torque sensor. This arrangement eliminates the noise inherent in the driving system of the lower 
die. 
The torque sensor measures the torque imposed on the sample. This torque is the complex 
torque or S* because it is not in phase with the applied strain. The RPA 2000 reduces the signal of 
the torque S* into an elastic component (S', in phase with the strain) and a viscous component (S", 
90° out-of-phase with respect to the strain) by applying a Fourier transformation to the signal S*. 
The Fourier transformation improves le signal-noise ratio. The RPA 2000 calculates tan8 from the 
ratio S"/S'. Torque values (S) are directly converted to the shear modulus (G) by multiplying by a 
factor (that corresponds to the quotient of the appropriate die form factor and the strain). 
III - ADVANTAGES ET DISADVANTAGES OF RPA 2000 FOR PRODUCTION 
SITE TESTING OF NATURAL RUBBER 
The RPA 2000 presents a considerable advantage partly due to the principle of its test chamber, as 
no prior preparation of the sample could be necessary (moulding) before samples could be tested 
(Figure 2). It rather inherits here the principle of the Mooney viscometer. This apparatus equally 
offers the advantage of being able to perform at in an impressively wide range of strain amplitudes 
and frequencies. This is certainly an important advantage but it seems that the Alpha Technologies 
firm is not in apposition at this time, to inform us about criteria pertinent for the characterization 
of raw natural rubber. 
The apparatus is easy to use and its software is equally very simple. We were able to master 
its use very rapidly (2 tests) and conducted the rest of the analysis ourselves. 
However, the apparatus presents a major disadvantage for quality control of natural rubber 
on production sites - its price. The cost of the apparatus is 120 OOO $US, that is about 3 to 4 times 
the price of a Wallace plastimeter or a Mooney viscometer. Furthermore, after placing the sample 
in the test chamber, it is imperative to "condition" them with the chambers closed before 
measurement actually starts. The conditioning last 10 minutes and this duration seems 
incompressible for raw natural rubber following discussions we had with Mr. Henri BURHIN. The 
minimum time to analyse a raw natural rubber sample using the RPA 2000 is about 12 minutes. As an 
example, measurement of the Wallace plasticity requires 1 to 2 minutes and 5 to 7 minutes for the 
Mooney viscosity. 
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A "light" and cheaper version of this apparatus could be interesting for the quality control of 
raw natural rubber. However, amongst the numerous criteria supplied by the equipment, it is not 
possible now to declare with irreproachable certainty if some, and which of the parameters are 
most relevant to predict the behaviour of raw natural rubber during mixing. Only a rigorous study, 
certainly over several months, on the present version of the RPA 2000 could enable us ascertain 
identify the relevant parameter. 
Figure 2 : View of the raw sample on the lower die before commencement of measurement. 
IV - RESULTS OBTAINED 
IV. 1 - Introduction 
During our stay in the laboratory of Alpha Technologies in Louvain-la neuve (Belgium), we in the 
first place evaluated the repeatability of measurements with the RPA 2000, and then in a second 
phase analysed the 36 samples of the project. 
We deemed important the evaluation of the repeatability of measurements as no information 
exists on this aspect in the abundant literature on tests using the RPA 2000 [2-6]. 
Measurements were conducted by varying the strain amplitudes. Contrary to our previous 
measurements for which 25 different strain amplitudes were tested (range : 1 % to 1000 ~o) 
(Figure 3a), only 7 strain amplitudes were tested for each sample (Figure 3b). In effect, a complete 
measurement at the 25 strain amplitudes takes about 60 minutes. Furthermore, we did consider 
that testing at the numerous strain amplitudes was not necessary as we had obtained very high 
correlations amongst them (cf. [l]). Measurements at only 7 strains (1 %, 4 %, 10 %, 32 ~o, 100 %, 
422 % et 750 ~o) nonetheless necessitated about 26 minutes per sample. For this first approach, 
the graphs obtained are relatively similar (Figure 3) for the two programming sets (25 strain 
amplitudes and 7 strain amplitudes) of the same sample. 
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It should equally be noted that the 36 samples were tested without any prior homogenisation 
(ISO 1795). 
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Figure 3 Evolution of the elastic torque as a function of strain. Each point represents one 
measurement, (a) 25 strain measurements (homogenised rubber), (b) 7 strain 
measurements (non-homogenised rubber) (sample CJ2-2) 
IV. 2 - Repeatability of measurements 
Four samples were tested for the repeatability measurements (Table I). For each sample, 
3 measurements were conducted in the same day. The two parameters used to evaluate the 
repeatability are the coefficient of variation, CV (Equation 1) and the confidence interval , CI 
(Equation 2). 
Th f . . t f . t. CV Standard deviation 100 e coe 1c1en o var1a ion, = M x 
ean 
(1) 
. . standard deviaion (1) The confidence interval, IC= t (fromstudent'stable) x n (2) 
The variable n represents the number of measurements. 
Table I : Samples tested during the repeatability tests. 
Source of sample Grade New reference Remarks 
. . 
,---·---Jd.NQP.~ .. ?.QQ_?__ TSR 10 __________ -- --~!2 ·:1 __________ ]._ ___ _!_~~!?._9_ 2!!-99.Y_L _____ J 
~----~~Qf.~ _20Q£_ _____ TSR ~Q·-·-··--· _______ DJ2--~-----' __ _!_~~t~~-?~d~y_? ____ j 
1 Syntheti~~yisoprene 1 IR 305 BE 30 tested on day 4 
Labo CIRAD ITSR 3CV (clone GTl) BE 01 tested on day 3 
5 
Be it for the elastic torque (S'), the viscous torque (S ") or the tangent R (tg R), the 
repeatability was quite variable with respect to the samples tested and the applied strain 
amplitudes (Figures 4 to 6). 
For the SAR 10, the coefficients of variation ranged between 1 'Yo and 9 % for S', between 2 
and 10 % for S" and between 3 and 8 % for the tangent R As a comparison, the coefficients of 
variation for the Mooney viscometer and the Wallace plastimeter vary between 3 and 5 %. 
The entirety of the results obtained (Annex 1) enables us to calculate for each family, and 
each strain amplitude, a confidence interval for the measured criteria (S', S" and tg R) (Table II). 
The best repeatability on torque measurements was obtained on the TSR 3CV (Figures 4 to 6, 
Table II). In the case of tgR, the synthetic polyisoprene gave the best repeatability of 
measurements. 
Table II: Confidence intervals (CI) calculated for each family of samples and for each strain 
amplitude. 
S' (dNm) S" (dNm) Tan 8 
Strain(%) Family 
CV(%) IC CV ('Yo) IC CV(%) IC 
SAR10 (*) 6.7 0.022 7.8 0.007 6.4 0.038 
1 SAR3CV 2.9 0.007 4.0 0.004 6.3 0.044 
IR305 5.1 0.020 4.6 0.006 3.2 0.018 
SAR10 6.2 0.088 5.9 0.027 3.3 0.021 
4 SAR3CV 2.5 0.028 2.5 0.011 4.8 0.036 
IR305 5.8 0.096 4.3 0.024 2.9 0.019 
SAR10 5.9 0.200 5.4 0.060 3.9 0.026 
10 SAR3CV 2.7 0.070 2.4 0.026 4.9 0.038 
IR305 5.8 0.230 4.1 0.057 2.9 0.019 
SAR10 6.1 0.630 5.4 0.193 5.4 0.040 
32 SAR3CV 3.0 0.234 2.4 0.083 5.2 0.043 
IR305 5.7 0.674 3.9 0.170 3.0 0.021 
SAR10 5.7 1.357 4.9 0.567 7.0 0.077 
100 SAR3CV 4.4 0.814 1.4 0.158 5.8 0.065 
IR305 4.2 1.211 3.9 0.549 1.8 0.016 
SAR10 4.0 1.074 3.1 1.161 3.8 0.100 
422 SAR3CV 1.6 0.272 0.8 0.236 1.5 0.047 
IR305 3.4 0.777 2.9 1.159 4.6 0.150 
SAR10 3.8 0.952 2.9 1.380 3.1 0.111 
750 SAR3CV 2.6 0.385 0.8 0.285 2.3 0.106 
IR305 2.9 0.495 2.2 1.075 3.7 0.194 
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IV. 3 - Discrimination of factories 
In the previous report, we showed that the 4 factories could de separated into 2 groups in terms of 
their P0 (Figure 7a). However, rubber from factories B and C, identical in terms of Po, could be 
differentiated in terms of their macromolecular structure (Mz, Figure 7b). 
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figure 7 : Discrimination of African factories as a function of the P0 (a) or Mz (b ). 
As concerns the RPA 2000 criteria, rubber from the 4 factories were identical in terms of 
their viscous torque (S"), irrespective of the applied strain amplitude (Figure 8). 
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Discrimination of African factories as a function of the viscous torque (S"). 
The elastic torque (S') enables us to discriminate rubber from the 4 factories but uniquely 
for the very large strains (422 % and 750 %, non-linear visco-elastic zone) (Figure 9). However, 
whereas at 422 % strain we obtained the same as with the P0, this was not the case at 750 % strain 
as factory B distinguished itself from the others. It should be noted that for Mz values 
(Figure 7b ), it was factory C that appeared to be different from the others. 
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For the tgR, we observe the reverse on S', notably the discrimination of factories in the 
linear domain (small strain amplitudes) and not in the non-linear domain (large strains) (Figure 10). 
We observe, as with the P0 , the torque values of factories A and D, which were different from 
those of the pair factories Band C (Figure 7a). 
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figure 10: Discrimination of African factories as a function of tgR at 4.2 % strain (a) or 750 % 
strain (b). 
IV. 4 - Relationships between RPA 2000 parameters and classical technological 
criteria 
The only significant correlations found, though very slightly significant for most of them, that 
existed between the RPA 2000 criteria and technological criteria were, in order of importance: 
- between MS(3+4)100 and tgR (4.2 'Yo) (Prob > F: <0.0001, Figure lOa), 
- between MS(3+4)100 and tgR (10 %) (Prob > F: <0.0001, Figure lOb), 
- between ML(1+4)100 and tgR (10 'Yo) (Prob > F: 0.0008, Figure lla), 
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- between P0 and tgR (4.2 'Yo) (Prob > F: 0.0015, Figure llb), 
- MS(3+4)100 and S'(422 %) (Prob > F : 0.0026, Figure 12a), 
- MS(3+4)100 and S'(lOO %) (Prob > F: 0.0056), 
- between ML(1+4)100 and S'(422 %) (Prob > F : 0.0142, Figure 12b), 
- between ML(1+4)100 and G'(lOO %) (Prob > F: 0.0386). 
Surprisingly, no significant relationship was found between the viscous torque (S") and 
technological parameters such as Mooney viscosity (MS or ML) or the Wallace plasticity (P0) . 
Indeed, these technological parameters are more or less correlated to the tgR in the linear visco-
elastic domain (small strain amplitudes). 
The only correlations observed in the non-linear domain (large strain amplitudes) were with 
the elastic torque (S'), which is rather paradoxical. 
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IV. 5 - Relationship between RPA 2000 parameters and new physico-chemical 
criteria 
The only significant correlations found, though very slightly significant for most of them, that 
existed between the RPA 2000 criteria and physico-chemical criteria were, in order of importance : 
- between tgR (4.2 %) and free fatty acid content (Prob > F : 0.0027, Figure 13a), 
- between tgR (4.2 %) and Mp (Prob > F: 0.0029), it should be noted that there was 
a highly significant correlation between the total lipid content and the free fatty 
acid content (Figure 14), 
- between tgR (4.2 %) and the total lipids content (Prob > F: 0.0075, figure 13b),, 
It should also be noted that the relationship, mentioned in the previous report [1], between S' 
(750 %) and Mz for the 12 samples could not be confirmed with our 36 samples. 
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Figure 15 
V - CONCLUSION 
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Relationship between total lipids content and free fatty acid content 
In the framework of the project on the study of the variability of the African natural 
rubber, a number of analyses were conducted using the RPA 2000 of the Alpha Technologies firm. 
This apparatus presents an undeniable advantage - no a priori preparation of the samples is needed 
before measurement. In that, it adopts the principle of the Mooney viscometer. This apparatus 
equally offers the advantage of conducting measurements over an impressively wide range of strain 
amplitudes and deformation frequencies. However, we are not in the time being, in the position to 
recommend a particular measurement to predict the behaviour of raw natural rubber during mixing 
operations. 
It is a relatively simple apparatus to use and its associated software is equally simple. 
However, the apparatus is costly and measurements take relatively much time. 
Certain criteria obtained with the RPA 2000, notably the tg R, enabled us to discriminate 
between rubber produced by the 4 factories, which is different from those obtained with the 
classical criteria (P0) or new ones (Mz). 
It should equally be noted that that the tg R criteria was the only that presented interesting 
correlations with certain classical criteria (MS(3+4)@100, ML(1+4)@100 and P0) and certain new 
ones (free fatty acid content and Mp), notably in the linear visco-elasticity domain. 
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Annex 1 Entirety of results obtained for the repeatability tests 
Sample Date of 
analyse Replication. I s;~;in IS' (dNm) IS" (dNm) I G' (kPa) I G" (kPa) I G* i (kPa) IT an Delta! i 
lt\.J.2::.._1 ---+-I QZLQ4L2.0Q~13 ..;--~1. _ ___, __ L_J __ 02_....___,,,_, ____ _,__ ! I ---+---'"'13..,...9-,2_1 _ Q._3_1__j 
. I 
01 13-3....1 Af.Q 
i"-"A=J2~----+-' O=ZL94/2003 2 1 135.2 0.34 i 0.1 128.1 43.2 
IAJ2 i 07 /04/2003 3 1 125.7 0.35 ! ?-·-· 
IAJ2 I 07 /04/2003 1 I 4 136.7 0.34 
0.1 118.6 41.6 
0.3 129.4 43.9 
0.3 126.0 44.8 !AJ2 I 0710412003 2 4 133.7 , o.36 
~]2 I 0710412003 3 4 o.9 o.3 116.0 42.5 123.6 o.37 
78.5 
0.6 88.0 
!DJ2 108/04/2003 
[i;_~2 I i 08/04/2003 I 
[~J.~- 08 04/2003 1 
iDJ2 08/04/2003 1 r-·-· 
0.5 
1.7 
1.9 
1.7 
79.8 
75.5 
83.5 
77.1 
1 4.4 28.6 80.7 0.38 
3 
----i-=-~'-=-"'="--i-------'2=-------< ----"'=---i--:ti__J- -=-«---;---==---<---"3<-=3.L l_8_9-,_6_j_Q.40 I 
28.6 I 82.2 o.37 4.5 
!DJ2 08/04/2003 1 11.0 5.6 59.6 30.4 66.9 0.51 
DJ2 08/04/2003 2 11.5 6.4 62.7 34.8 71.7 0.56 
DJ2 08/04/200-~ 3 11.2 5.6 60.8 30.3 68.0 0.50 
DJ2 08/04/200.1 l 1 14.0 17.8 18.1 22.9 29 .2 1.27 
DJ2 08/04/2003 18.9 ; 
' 
17.9 2 13.9 24.3 1.36 30.2 
DJ2 08/04/2003 3 13.6 17.7 ! 17.6 22.8 28.8 1.30 
IDJ2 08/04/2003 1 13.0 22.7 9.4 16.5 19.0 1.75 
fDJ2 08/04/2003 ~J2 08/04/2003 
23.9 
22.7 
9.4 
9.2 
1.84 2 13.0 17.3 19.7 
3 12.7 16.5 1.78 18.9 
15 
I Sample 
i0 e_o __ 1 _ ____.I 0.91Q4L2-003_;·\- ~--+--~-c--O 1 1.__o A i_a5...6__i _o 3.Z i !.12 ·- t..J.__j -'""""=--_,__.._, __ =--i ,- ~ ---1 
[!3E 01 2_-+-__,,l_< _ _ O._l __ ,__ 0.1 ~~_,__~31.0 : 82.1 i·-0.1.L_j 
!~_l;_QJ_. _ __Q2LOA/2Q.0 3 1 Q,J, __ _j__Q,_l 78.2"----f____,,,,2a,a_) 83_,_LJ__0~37 ! 
l!3E 01 I 09/04/20 1 4 0.6 0.2 79.6 31.5 85.6 0.40 
11l~!;fil___,.i.__,,,o""-91!...:>.o'-'4-'--"'-~'-"=-i- -~2=---·-~4-;_ o.6 -=o.=3-+--7~5.6 32.8 ! 82.4 1 o.43 I 
!BE 01 j 09/04/200 3 I 4 0.6 0.2 78.0 31.4 84.1 I 0.40 I 
EO.t _ _J_0-9.LOAL2D.0~_,. ___ 
2 
___ 
1
1 _ _1Q_
10 
,___1_ ~5-;--~o_6 _ _,___Z2. 4 3.2...2_i _8.5..z_I o..~u_J 
E_Ql 1.4 0.6 75.3 33.4 82.3 0.44._J 
~-;---~3 -~~10~_,___~l.~4_____,:_Q,=-6 _..__1 ___,_,77 .6 i_fil,_9- 83_,_2,__J__Q.~l I 
~"·""-"'·"'----!-""'09!..L.1~04~1~2003 1 1 32 4.4 t9 75.3 I 32.5 
--i·-':!L!1'-'"o'-'-'4;,_,,,2oo~_) _ ~_R. __ ;---"-=--.;--'2=-.o=---+---'--'=-=---; 
09/0~/2003 I 3 32 1.9 
71.0 
i 73.9 
100 6.1 56.0 
51.5 
55.3 
12.1 
33.7 
32.2 
33.1 
33.7 
32.7 
21.5 
82.0 
78.6 
80.6 
65.1 
15.9 
0.43 
0.47 
0.44 
0.59 
2.41 r~!;. 01 2 750 8~.4~-+-~2~0~.2~~~6~.1~-+--~1~4-~7___, 
!BE 01 l 09/04/2003 ; 3 750 8.0 20.0 5.8 14.5 15 7 2.51 
fB.E_3_0_ O.LQ-4l20.03 ; 1 .Lj__0~2 O.J _ _,__U1A-+-3_5_.5-+--u6...9- ; 0_3_LJ 
!3..EJ_Q. __ j_Q/04/2003 I 1 ! 4 o.8 _ o.3 i 1Q~.8_L38.l __ ]_ll~-3 _ _1____Q,J_!2 _ _! 
~!;. .3..o __ . ____ _ JQ/J>3L.?.Qo]_J ___ .J ___ J_tQ_ ____ _.f.,_Q_. __ , ___ .Q,? . I 108.5 _j_3~.8_j__li_g_,_3_ , _ _ Q,36 -I 
~E 30 110/04/2003 I 1 . 32 6.1 . 2.3 104.2 39.3 111.3 I 0.38 I 
123.l 0.31 
122.6 0.33 
121.8 
116.5 
0.34 ~ 0.36 
88.3 0.48 
15.3 1.87 
6.5 2.96 
119.2 0.33 
! 118.3 0.35 
117.5 
112.3 I 
0.36 
0.38 
iBE30·--~-l=0~/0~4~/=20=0=3~i- ~--+~=--~-~=---;-~~-+~'-'-=--+-4=2=.0'--!---'1=24~.7,__;--'~'---i ~~···-E:-3~0~-....;-=-10=/~0~4/~2=0=0~3!-~~___,.~~-;-~~--+-~--+-~~-+--4~2=.3=---+-=12=0=.l~,-~=--; 
85.8 f!3E .~30~- 10/04/2003 I 42.4 95.7 0.49 
16.4 
6.9 
1.75 
2.81 
l$._!;__J~O _ ___, 10/04/2.=0~03"-l---~ 28.7 33.0 
iBE 30 10/04/2003 l 19.3 20.5 
16 
Annex 2 : Entirety of results obtained for the RPA 2000 criteria 
I 
5' S" S' S 11 S" S" S" S" S" S" tgD tgt!> tgD tgl) tgD tgt> tgl;> l 
Sample Fc<actor,y (l) (1) (4.2) (10) (32) (lOQ) C-422) (756) (1) (4.2) (10) (32) (160) (422) (750) 
--~~~=~--- -- - ~ -- ~~-~-~-1~.6~~ 1.455 4.43 !~·06_ ~~ ~~~ 1 1~.05 0.~3?_ , _~.1~~+~:~~~1-1.618 5 .53~ 1 ~-!·-~~-~-23.~2 [0.28~ !~--~-~-~ :~.339 10.365 0.5 1.273[1.787] 
-- ~!.1~2 A jo.t32 J0.5811.385 4.1059.5_~~12._4_81 0.048 1 0 .23 1 o.57 1.86416.094' 17.6 _l ~~ .o6 lo.363!0.397'0. . , . 1 ] 
AJl-3 A I 0.211 10.902] 2.130 6.166 ! 13.11 14.29 ' 13.0810.07031 0.32 ,0.788,2.577j8.483 i22.24127.60Ji0.33210.354j0.369, 0.418 10.64911.5571 2.111 1 
AJ2-1 A 10.23510.995 2.33 6.823 14.65 15.82 14.6310.073 \0.337\0.812 12.63818.784\23.36129.14 10.308 \0.3390.34810.387\ 0 .6 Jt476 1.992 \ 
AJ2-3 I A I 0.151 . 2 1.558 j4.663 11.12 , 13.98, 13.11 10.049 10.23910.585j 1.89716.319 j18.86 J 24.24 10.32510.367I0.37610.407j0.568 j1.34911.8491 
i ! ! , I l I , l l 
AJ3-1 A 0.172 10.749 1.79915.457 13.55 15.14113.37! 0.045 10.22310.547\ 1.78416.148 i 20.12 25.21 10.263 j0.297I0.304j0.32710.454l1.329l 1.886 I 
··········-----.... -·--·-i ................. -... -....... ·---·------ 1-·····-··--· -+--·------ -- --······ · -----T--·---- ·------···1·····························r··-·····----- • : ---·····························1---------- r ·························!·························-··r····························1 -~5:~; I ·~ -,~1lb::i~1' i~~:; 1, ~~~;: ~:~ ~~ 11 tt~:J,.~ 0:045 ~:~: 1~~1~:::1 ;~::~. 6 !_0.346 ,I0.3~~,~·::~ 1::;~ 1~: :: : : :::: ,'::2. 
I ! I ! I : ' ! ' I I 
I BJ1-1 I B 0.172 o.74 t.764 5.205 12.41 15.84
1
14.71 0.055 10.25610.639 \2.07916.892120.82 26.72 I o.32 1o.346 jo.362 j0.399I0.555\1.31411.816 1 1---- ..................... ........ ······- ... -......... ·---- ................ ·---·----""'" " ··1··············-------------·- , .. ·-·----,.- '''"''''"'''''f'''''""''"'''·---1·--··""'""""'" ····························-j---.. ·---· ......................... ,-----·-· ·-r··························1·----·---""'"i" '''" ........... -----····· ·1 
I _ BJl-2 B 0.184 0.78~ j ~ :.~.!.! l?:~~~l 12.17 114.17113.72 . . 1 !0.687J~ :~~~J7.352 \20.4 26.12 J0.319 0.357!?. ~ ~?.?.J?. :~?.~l?. ~ ~ l ~ :~~~Jl~:?~j 
I I I ' ' ! i ! I ' I BJl-3 B 0.218 0.932
1
2.1866.306l13.67 jt5.66 14.63 , 0.073 0.329!0.813 12.663 \8.717 22.99, 28.69 J0.3330.353 J0.372I0.422J0.638!1.468 j1.961 1 
BJ2-1 1 B I 0.13 jo.578 1.398 1 4.27 I10.72 j14.95114.o71 o.039 jo.t87 jo.4691t.538 15.216 i17.69123.22 jo.301 'o.324jo.3351 o.36 I0.48711.la4 \ t.651 I r ............... ____ r _____ ............................ "! .... _ .... ____ ...................... ·-·---·-r ........... ........ -.. ----,--.......... T ................... r-·--1·--... .. .... .. .. T .............. r------- r ............ T ...... ____ 1___ ; ---·············1······-···--·- r··························-······- --r-·-·····-· ·····1 
L~~~:: I : :::::1 ~: ~~:F~~ ~~~~1*ii3 1j*;2~l~~~1,:::91::~;~ 23 841 :: :; : 0o 3 ! ~::~ :~: ll0:·~·79·\··1·:~;~-f·::::: 1, 
I ! I . I I I I . 
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- I - -- I 5' s'• S' s·• S' S' S'' S" ?'·' S" S ' ' S" S" S" tgD tgD tg[) tg[) tgr:> tg[) tg[) 
' Sample Ra~tqry. G~) 1•(4.2) (16) (32) (1<*))' c~a2) (150) (1). .(4.~) (10) (32), '(100) (422) (750) {1} (4.2) c1e> I C3~) (100) ( 422)i (750) 
i I ; ! ! ' ' I ! ! i I ! ! i ; i i 
-BJ3 3 
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Annex 3 : Justification for reduced choice of selected deformation domains 
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Figure 16 : Correlation G'(5.6'Yo) = f G'(4.2%) (r 2 = 0,998) 
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Figure 17: Correlation G'c421%) = f G'(316%) cr 2 = 0,998) 
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